Abstract. We show that the one-loop chiral corrections for heavy light mesons in the potential model can explain the small mass of Ds (2317) as well as the small mass gap between Ds(2317) and D(2308).
The recently observed D s (2317) [1] [2] [3] , which is a very narrow resonance (Γ < 10 MeV) decaying into D + s π 0 , is thought to be the missing bound state with J P = 0 + of the heavy-light system. This picture of D s (2317) composed of a heavy quark and a light valence quark fits well with the heavy quark, chiral symmetries that predict parity doubling states (0 − , 1 − ) and (0 + , 1 + ), with the interparity mass splittings in the chiral limit given by the GoldbergerTreiman relation [4] [5] [6] . The subsequent observation of 1 + state D s (2460) [1] [2] [3] strongly supports this picture.
On the other hand, the two-quark picture of the resonances does not play well with the potential model calculations, which generally predict substantially larger mass and width. According to the potential model calculation in [7] the mass and width of D s (0 + ) are, respectively, 2487 MeV and a few 100 MeV, with the width depending on the light quark axial coupling. While the narrow decay width can be understood by the observed mass being below the threshold of the strong decay channel DK and the isospin symmetry breaking, the substantially small observed mass is puzzling.
Furthermore, this anomaly in the observed mass became more peculiar when the Belle collaboration observed [8] the non-strange 0 + state D(2308), whose mass is surprisingly close to D s (2317). The potential model predicts the mass splitting between these states to be 110 MeV. These peculiarities in the observed masses led to many models for the new resonances, including, for example, a four-quark model [9, 10] , DK molecule models [11] , and a unitarized meson model [12] . It is thus very important to clarify the nature of the newly discovered resonances.
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The quoted numbers of the potential model calculation are based on a Coulombic vector potential and a linear scalar potential. Modifications of the employed potentials might remove the anomaly, but Cahn and Jackson [13] showed that, as far as the vector potential is kept Coulombic, it is unlikely that the observed decay width and mass pattern of the resonances can be obtained from a potential model.
This suggests that the potential model be missing essential physics of the heavy-light system. Indeed, the conventional potential model does not sufficiently take into account the chiral symmetry breaking nature of the QCD vacuum, with the chiral symmetry breaking encoded only in the light quark constituent masses of the model. Since the light valence quark is chirally active, the heavy-light mesons can couple to the quantum fluctuations of the Goldstone bosons of the QCD vacuum. This suggests that potential models must be augmented by chiral radiative corrections.
In this paper we calculate chiral radiative corrections for the bound state energies of the potential model, paying particular attention to the mass splittings of the parity doubling states. Our main result is that chiral corrections are large, comparable at least to 1/M c corrections in the D mesons, where M c denotes the charm mass, rendering their inclusion in the potential model mandatory. Furthermore, for the parity doubling states, they tend to narrow the interparity mass gaps, and this effect is stronger in a strange system than in a non-strange system, with the robust prediction of the mass gap ≡ [m(D(0 
with Ψ = (u, d, s) denoting the light quark fields and the Hamiltonian given by
where M denotes the heavy quark mass. The leading Hamiltonian H 0 in the heavy quark mass expansion reads
with the potential given in the form
where V s and V v denote the scalar and vector potentials, respectively, and m = m i δ ij denotes the constituent quark masses. The energy spectra of resonances are obtained by solving the Dirac equation of H 0 , followed by timeindependent perturbations of the subleading terms. The free parameters of the model are fixed by a global fitting of the predicted masses to those of the observed resonances. In this framework the chiral symmetry breaking of QCD is encoded only in the constituent masses of the light quarks, and we shall see that this is not sufficient. This inadequacy of the model can easily be remedied by noting that the effective Hamiltonian is based on a truncated chiral quark model. In chiral quark model the light quarkGoldstone boson interactions are described by an infinite tower of derivative expansions, but the term responsible for the one-loop corrections is the following axial coupling:
where g A is an axial coupling constant, and
with ξ = e iΠ/2fπ , where Π = 8 a=1 π a λ a , λ a the GellMann matrices, and f π = 93 MeV.
We note that the inclusion of the axial term (5) in the potential model Hamiltonian should not be unexpected, since this term was already employed in the calculation of the decay widths in the potential model. In general the widths, which are the imaginary parts of the self-energies, can be a few hundred MeV, which indicates that the chiral radiative corrections to the resonance masses cannot be small, and so should be included in the computation of the masses.
We shall now consider the corrections due to the chiral term (5) to the energy of an eigenstate of H 0 . Let us denote the eigenenergy and normalized wavefunction by E m and Ψ m , respectively. Here m = {n, l, j, m j , q} denotes the set of quantum numbers classifying the eigenstate of the light quark, with n, q, and l, j, m j denoting the radial excitation, Fig. 1 . One loop correction to the energy of the eigenstate Ψm quark flavor, and the angular momentum quantum numbers, respectively. The correction to the energy E m at one loop comes through the diagram in Fig. 1 and is given by
where
and m π denotes the mass of the light meson exchanged and ζ π represents the SU (3) flavor factors coming from the axial vertices.
Using the Dirac equations for the wavefunctions the current can be written as
where ρ (1)
Substituting (9) into (7), and performing the integration over k 0 we obtain
where 
with E π (k) = k 2 + m 2 π .
